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sults  of  its  use  in  a  preliminary  experiment  with  student  pilots. 
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AUTHOR’S  FOREWORD 


In  early  discussiono  of  the  Consaittes  on  Selection  end  Training  of 
Aircraft  Pilots  interest  was  expressed  in  the  measurement  of  stress  and 
tension  in  men  who  are  being  taught  to  fly*  The  assumption  was  that  sotno 
degree  of  stress  would  be  typioal  of  boginners  at  the  time  of  their  early 
flights.  Those  showing  exaggerated  responses  of  this  character  and  con9' 
tinuing  to  do  so  might  prove  temperamentally  unsuited  for  flying. 

A  large  variety  of  teohniques  and  instruments  for  measuring  degrees 
of  stress  have  been  proposed  by  physiologists  and  psychologist u.  Various 
aspects  of  the  ciroulatory  and  respiratory  functions  have  been  used. 
Muscular  and  glandular  refloxesr  voluntary  and  involuntary  movements*  skin 
temperature  and  sweating*  mental  associations  and  Judgments,  verbal  re9' 
o ponses*  and  numerous  other  functions  have  boon  made  the  basis  of  attempts 
to  measure  the  effects  of  emotional  changes.  The  instruments  devleed  have 
usually  been  for  laboratory  uoe *  under  conditions  of  relative  quiet  and 
freedom  from  movement  on  the  part  of  the  subjects.  In  most  inetanoes  in** 
struments  for  measuring  emotional  responses  are  rather  complicated  and 
oumbsrsomc* 

■Vhsn  considering  the  feasibility  of  using  available  laboratory  in» 
struments  in  training  planes*  many  difficulties  presented  themselves, 
height  and  space  requiremonts  were  critical.  The  student  pilot  must  be 
allowed  adequate  freedom  of  motion  to  perform  hie  work  and  safety  must  bs 
assured.  The  author  at  this  Juncture  recalled  having  seen  a  preliminary 
demonstration  of  a  micro “climate  rocorder  devised  by  Professor  August 
Krogh  of  Copenhagen  for  measuring  the  body  temperature  undernoath  the 
clothing.  The  instrument  was  built  on  the  chassis  of  a  wrist  watch  and  was 
self* contained*  requiring  no  outside  connections  or  aooessory  equipment. 

The  micro-climate  recorder,  not  only  qualified  in  reference  to  weight  and 
space  but  seomed  eminently  well  suited  for  application  to  a  student  pilot 
without  offering  interference  with  his  movements  or  duties  and  presented 
minimal  stimulus  for  distraction*  Furthermore*  no  assistant  need  give 
attention  to  this  inetrumsnt  during  the  period  of  recording  while  in  the 
plane*  It  was  suggested  that  the  author  endeavor  to  secure  such  instru¬ 
ments  from  Professor  Krogh*  Aftsr  several  monthe*  one  of  the  units  was 
prooursd*  Conditions  arising  from  the  war  made  further  procurement  from 
Copenhagen  impossible!  If  aiaro-reoordera  were  to  be  used  in  the  United 
States  they  would  have  to  be  built  here* 

This  report  embodies  a  discussion  of  the  development  of  &  modiflod 
mioro'reoorder  and  prosente  3amo  preliminary  results  of  its  application. 
JVhllc  these  results  are  not  definitive  in  aharaoter*  they  are  sufficiently 
revealing  to  indicate  the  possible  application  of  this  instrument. 

The  development  of  a  praatioal  iaioro-roaordsr  for  moasuring  skin 
temperature  and  sweating  in  airplane  piloto  ie  a  diotinot  contribution  to 
the  instrumentation  in  this  fiold  and  this  instrument  will  prove  of  oon- 
siderable  value  in  future  research  oonoerned  with  "tension*" 
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SUMMARY 


1.  Most  of  the  largo  variety  of  laboratory  technique*  and  instrument* 
for  measuring  emotional  responses  are  not  directly  applicable  for  use  on 
student  pilots  while  learning  to  fly*  a  small  instrument  known  as  the  Krogh 
Mioro’Climate  Recorder  at  first  eoomed  to  have  possibilities  for  such  use. 

The  Krogh  recorder  was?  ho  we  r  or  *  dosigned  to  be  worn  underneath  the  doth” 
ing  Features  of  its  design  proved  not  the  moat  appropriate  when  the  reoorder 
was  mounted  on  the  hand  near  the  palmar  surfaoo* 

2.  A  newly  designed  instrument?  the  C.A.A„®N»R,C.  Uioro-Reoorder »  was 
constructed  particularly  for  use  on  exposed  areas  of  the  skin.  This  new 
rooordsr  makes  use  of  some  of  the  principles  involved  in  the  Krogh  inatru- 
mint*  A  scull  watch  movement  is  employed  to  drive  a  reoording  disc  capable 
of  taking  records  over  a  period  of  twelve  hours*  A  temperature  unit  and  a 
humidity  unit  with  small  writing  levers  are  mounted  on  the  inside  of  the 
instrument  at  a  position  as  close  as  possible  to  tho  front*  By  means  of 
appropriate  openings  in  the  front  plate  of  the  watoh  case*  the  sensitive 
elements  are  directly  exposed  to  the  temperature  and  humidity  1  cm*  from  tho 
akin»  while  the  entire  unit  is  mounted  on  a  ring  of  poroue  rubber  sponge 
material* 

3*  The  details  for  the  construction  of  tho  C .A.A.-N .R.C„  Kioro-^ecorder , 
its  calibration  and  the  technique  of  reading  the  records  are  described  and 
discussed  in  this  report* 

4.  Preliminary  tests  were  made  on  a  group  of  Yale  Univorsity  students 
participating  in  the  local  Civilian  Pilot  Training  program,  and  a  few  private 
students  who  were  in  process  of  training  at  a  flying  school  near  hew  Haven* 
Connecticut  *  This  school  was  a  favorable  one  for  such  tests,  with  the  note¬ 
worthy  exception  that  the  single  instructor  felt  unable  to  cooperate  by  making 
ratings  on  the  students  for  tension  and  emotional  otress  during  the  periods 
of  flight*  This  unfortunate  oiroumstanoe  limits  the  interpretations  that 
might  have  been  possible  from  the  records  seoured* 

5*  A  group  of  20  illustrative  records  are  reproduced,  together  with  the 
pertinent  data  seoured  in  oonnection  with  them  and  read  from  those  records. 

6*  The  data*  representing  the  first  trials  for  each  of  ten  men?  are 
grouped  in  separate  tables  for  temperature  and  humidity,  and  described  in  ro- 
ferenoe  to  individual  differences  and  to  average  tendencies*  Other  tabular 
groupings  of  data  for  individual  students  are  presented  and  the  averages 
dioouaeed. 

7*  The  reoorda  taken  in  these  preliminary  experiments  show  appreciable 
changes  in  temperature  and  in  humidity  associated  with  the  experience  of  flight. 
In  general  the  humidity  and  the  temperature  during  flight  aro  found  to  exceed 
the  valuee  registered  before  flight.  The  levels  for  humidity  and  temperature 
during  flight  tend  to  be  prolonged  into  post -flight  period?  during  which  the 
instructor  was  talking  with  the  3tud*nt  and  writing  out  the  report  on  his  lesson. 


80  Rooordo  for  three  first  nolo  flights  indicats  quito  high  humidity 
and  temperature  during  the  flight  and  continued  after  the  flight, 

9c  From  tho  preliminary  testo  made*  tho  C ,A. A„=N„R„C .  irioro=Reoord*r 
appears  to  qualify  as  a  self-contained  instrument  applicable  to  flight  students 
and  sensitive  to  their  physical  and  mental  conditions  during  these  experi¬ 
ences  0  Its  possible  usefulness  depends  largely  on  the  degree  of  cooperation 
that  oan  bo  scoured  from  the  instructor »  and  upon  the  design  and  control 
of  the  test  experiment 0 


A  MICRO-RECORDER  FOR  MEASURING  SKIN  TEMPERATURE  AND 
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PANT  I 

Mloro=Rooordore  and  Teohnlguc  of  Use 

Tho  Krogh  Microclimate  Recorder 


Krogh*  in  dsecribing  hi*  recorder  unit  f  says*  "The  immediate  problem 
for  which  the  reoorder  here  described  was  constructed  was  the  study  of 
the  temperature  and  humidity  relations  inside  the  olothes  of  man*  but  it 
is  felt  that  it  may  have  a  wider  range  of  usefulness*  and  this  is  the 
reason  why  it  is  published  before  anything  definite  has  been  aohieved  by 
means  of  it*"1  Earlier  email  recordor  unite  hare  been  devised  for  use  in 
oeteorologioal  studies*  They  were  of  such  else  as  could  be  sent  up  at¬ 
tached  to  a  pilot  balloon*  The  rooorde  were  made  on  smoked  glass*  and  were 
road  under  a  micros cope «  Using  a  fairly  large  sised  watch  as  motive  power* 
Jeiohmann*  in  1938*  devised  a  recorder  whioh  included  a  bimetal  thermometer 
and  a  hair  hygrometer *Z  Tho  hands  of  the  watch  were  removed*  and  a  recording 
diso  of  glass*  lightly  smoked*  was  oarriod  on  the  post  which  ordinarily 
supports  the  hour  hand*  Krogh  found  this  instrument  too  large  and  too  olumsy 
for  his  purpose  and*  therefore*  undertook  to  oonetruot  a  smaller  one  on 
similar  principles*  Krogh “s  device  was  built  from  a  wrist  watoh  23  mm«  in 
diameter  and  5  mm*  thick* 

The  watch-works  were  mountod  in  a  special  circular  brass  box*  The 
watoh  is  wound  by  a  key*  whioh  may  be  inserted  in  a  holo  usually  kept  shut 
to  protect  the  works  from  moisture •  The  hour-hand  post  or -axle  projects 
Into  the  upper  oar  partment  of  the  box  where  it  supports  a  brass  diso  on 
which  the  bimetal  thermomet. or  and  hair  hygromoter  are  mounted* 

The  temperature  sensitive  elemont  Is  a  bimotal  spiral  strip  of 
turns  the  central  end  of  whioh  is  securely  fastened  to  the  diso*  This 
spiral  strip  unwinds  slightly  with  inoroaee  in  temperature  and  winds  up  as 
the  temperature  falls*  The  free  end  of  the  spiral  is  conneoted  by  a  fine 
Oliver  wire  to  a  small  rooording  lever  whioh  amplifies  the  movement  of  the 
tip  of  the  spiral  by  about  throe  times* 

The  moisture  sensitive  element  le  a  single  human  hair  20  raa*  long 
attaohed  rigidly  at  one  end*  while  the  other  end  is  fastened  to  a  second 
reoording  levor*  noth  levers*  at  th6ir  attachment  ends*  are  formed  ae 
small  spiral  springs  and  are  made  of  thin  sheet  brass*  At  the  reoording 
end  of  each  lever  a  fine  needle  point  has  boon  fixed*  These  needle  points 
traoe  thin  lines  in  the  smoke  on  the  underside  of  a  flat  polished  Glass 


^Krogh*  A.*  A  mioro^olimate  recorder*  Koology *  1940*  21*  275~278» 
2 

^eiohmann 'a  recordor  was  reported  in  tho  above  article  by  A.  Krogh 
(Footnote  1). 
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dieo  27  ram*  In  diameter  *  whioh  ferae  the  top  of  the  unit  and  oorreeponde 
to  the  wstoh  oiyetal .  A  third  writing  point  traoee  a  base  lino  for  ref* 
orenoo  in  measuring  the  deviations  of  the  temperature  and  humidity  trac¬ 
ings  j  The  entire  unit  wei^ie  only  28  grams.  The  back  portion  of  the  box 
ie  33  nm.  in  diamotor  and  the  instrument  is  11.5  mm  in  thiokness. 

The  environmental  air  has  aooess  to  the  reoording  oompartment  of  the 
Krogh  instrument  through  a  number  of  narrow  vertloal  slots  out  in  the 
oiroular  side  wall  of  the  round  brass  box,.  These  slots  provide  also  the 
needed  flexibility  in  the  rim  of  the  vat  oh  or.ee  so  that  the  smoked  glass 
diaos  may  be  inserted  and  removed o  The  disos  are  manipulated  by  rubber 
suokers.  By  this  means  a  smoked  diso  oan  ba  removed  from  its  storage 
oerton*  placed  on  the  rim  of  the  oane  and  forood  into  position.  The  diso 
oan  also  be  withdrawn  from  the  ease  rim  in  this  manner  and  transfered  to 
the  miorosoope  stage  for  reading.  The  reading  stage  for  the  reoords  is 
a  supplement  to  the  ordinary  root  angular  stage  of  a  miorosoope  and  is 
oompossd  of  oonosntrie  rings.  The  inner  ring  has  an  oponieg  of  suitable 
sise  to  reoeive  the  glass  diso  and  may  be  revolved.  The  outermost  ring 
is  graduated  in  degrees*  one  degreo  corresponding  to  2  min.  of  reoord. 

The  reoord  provides  for  a  total  duration  of  12  hours.  A  oioromoter  scale 
is  used  in  the  o ye  pisoe  of  the  miorosoope  with  low  magnification*  Methods 
for  the  calibration  of  ths  Mioro-Climato  Recorder  are  dssoribed  by  Pro¬ 
fessor  Krogh. 

Applicability  of  tho  Krogh  Mioro-Cliiaste  Recorder 

The  Mioro-Glimate  Recorder  wae  obviously  well  adapted  for  tho  type  of 
use  for  whioh  it  wae  epeoifioally  designed*  l.e.*  to  reoord  the  teapor- 
ature  and  humidity  inside  the  olothing.  However,  the  question  pertinent 
to  the  present  ditouasion  is  the  adaptability  of  the  Uioro-Climate  Rooorder 
to  the  study  of  emotional  disturbances  in  men  who  are  being  taught  to  fly. 

For  this  use  the  rooorder  ehould  not  be  under  the  slothing  but  supported 
near  some  exposed  area  3Ubjeot  to  mental  sweating .3  probably  the  palm  of  the 
left  hand.  Tho  method  of  support  and  of  exposure  to  the  skin  must  bo  taken 
into  aooount  in  referenoe  to  the  design  of  the  rooorder. 

Method  of  Mounting  Re 0 or dare 

In  mounting  the  recording  unit  near  the  palm  it  wae  not  desirable  to 
plaoe  the  hand  in  a  leather  glove*  sinoe  this  would  obviously  tend  to  produce 
a  layer  of  maximally  saturated  air  around  the  hand.  Only  slight  changes » 
either  in  humidity  or  in  temporaturo *  could  be  expected  under  these  conditions 
oven  though  the  student  pilot  might  at  one  time  be  well  relaxed  and  comfort® 
able  and  at  another  time  emotional.  Measurement  requirements,  therefore* 
pointed  to  the  desirability  of  providing  a  highly  porous  pad  to  serve  as  an 
air-filter  boundary  for  the  area  of  skin  under  measurement •  This  pad  took 
tho  form  of  a  ring  to  support  the  reoording  unit  near  the  skin*  but  without 
blanketing  the  area  in  suoh  a  manner  ae  to  interfere  completely  with  heat  and 


discussion  of  "mental"  (or  omotionalj  sweating  io  presented  in  Part  II 
of  this  report. 
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moisture  loss  from  the  surfaoe  oovered.  A  sponge  rubber  material  was 
oeleoted  that  oontained  numerous  oapillary  ohannels  so  that  air  oould 
oiroulate  through  it.  From  sheets  of  suoh  material  1.5  om.  thiok,  discs, 

6  cm.  in  diameter,  were  out.  A  hole,  3  on,  in  diameter,  was  out  out  of 
the  oenter  of  these  disos.  This  sponge  rubber  doughnut,  with  rertioal 
edges,'  supported  the  Krogh  recorder.  >»hen  the  sponge  was  not  compressed, 
the  glass  disc  of  the  recorder,  now  sunken  into  the  oenter  of  the  dough- 
nut,  was  1  cm.  above  the  surfaoe  on  whioh  the  rubbor  doughnut  rosted. 
a  slowly  ventilated  oavity  was  thus  formed  bounded  on  one  side  by  palmar 
skin,  on  the  periphory  by  the  porous  rubber  eoongs,  and  on  the  other  side 
by  the  roc order 0  The  doughnut  and  recorder  wero  attaohed  to  the  palm  of 
the  hand  by  means  of  a  strap  of  rubber  webbing  attaohed  to  the  slotted 
openings  in  the  flange  around  the  brass  oase.  Numerous  recordings  wore 
made  by  means  of  a  single  Krogh  unit  mounted  on  the  rubber  doughnut. 

Humidity  and  temperature  changes  were  found  to  ooour  and  tho  tracings  on 
the  emoked  glass  diso  wen  readily  measurable.  The  changes  were,  of  oourse, 
moot  pronounoed  shortly  after  plaoing  the  unit  on  the  hand  and  again  fol¬ 
lowing  its  removal.  Sudden  Jarring  of  the  hand  when  wearing  the  instrument 
oaused  sharp  spikes  in  the  temperature  curve  due  to  the  coil  spring  form 
of  the  bimetal  thermometer.  These  disturbances  ore  not  so  frequent,  however, 
as  to  spoil  the  temperature  readings  possible  from  the  tracing. 

The  Krogh  unit  presented  one  serious  drawback  for  this  particular  type 
of  use.  It  had  not  been  designed  for  ready  aooeesibility  of  environmental 
air  at  the  surface  closest  to  tho  skin.  The  type  of  mounting  whioh  seemed 
most  suitable  for  these  measurements  of  skin  response  plaood  the  Krogh  unit 
at,  a  disadvantage  for  prompt  recording  of  changes  in  humidity  and  tempera¬ 
ture.  The  glass  face,  whioh  is  a  better  heat  insulator  than  the  brass  box, 
is  the  part  naturally  plaood  nearest  tho  skin.  The  skin  hast  and  humidity 
must  find  its  way  into  the  indioator  oompartmont  via  the  capillaries  of  the 
rubber  and  through  the  slots  in  the  sides  of  the  box„  A  more  favorable 
dosign  would  present  a  well  perforated  metal  aurfaoe  directly  opposite  the  okin 
through  whioh  air  oould  oiroulate  froely  and  the  skin  heat  would  havo  direot 
aooeos  to  the  temperature  recording  element.  Sinoo  a  oholoe  had  to  be 
made  between  attempting  to  duplicate  tho  Krogh  unit  or  designing  something 
similar,  but  moro  directly  adapted  to  measurements  of  sudden  responseo  in 
semi-exposed  skin  areas,  the  latter  alternative  vaa  selected,. 

Tho  C.A.A.-N.R.C .  Mioro^Reo order 

No  one  who  is  aoquainted  with  the  exoollent  chare oterlstio#  of  the 
many  biologioal  instrument  a  designed  by  Professor  August  Krogh  would 
lightly  undertake  to  produoe  on  improved  model  of  one  of  them.  The  unit 
about  to  be  deeoribad  i8  not  to  bo  thought  of  as  such  an  attempt.  It  is 
a  similar  unit  but  daeigned  for  a  purpoaa  whioh  he  did  not  hare  in  view. 
Although  this  instrument  may  be  used  also  as  a  rnloro- climate  reoorder  for 
studying  temperature  and  humidity  under  a loth log,  no  olalm  is  made  that  it 
lo  better  than  Dr.  Krogh "a  unit  for  that  purpose.  In  undertaking  the 
design  and  construction  of  the  G .A.A.-NeR.C.  Uioro-Reaorder  it  was  of 
immense  advantage  to  have  one  of  the  Krogh  unite  for  study  and  experi¬ 
mentation,  and  aleo  the  bonofit  of  correspondence  with  Profesoor  Krogh 
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as  well  as  having  tho  prlntod  desorlption  of  hi*  instrument 

In  planning  tho  design  of  tho  C ,A.A.”N»R,C «  Micro-Recorder  for  ueo 
in  measuring  tho  skin  responses  of  student  pilots ,  sovor&l  features  seemed 
desirablo  of  incorporation!) 

1,  The  front  of  the  unit  should  bo  perforated  with  several  openings 
to  porait  ready  oiroulation  of  air  and  direst  radiation  from  the  skin  to 
tho  sensitivo  element s< 

2c  The  temperature  and  humidity  recording  elements  should  be  mounted 
on  the  under  side  of  the  front  plate  to  bring  them  close  to  the  skin. 

3»  inspection  of  tho  record  and  of  the  adjustment  of  the  recording 
needles  should  be  possible  without  having  to  open  up  the  instrument  oaee, 

4,  The  unit  should  havo  stem-winding  and  stem-'setting  features  not 
only  for  oonvonienoe  of  operation  but  to  provide  for  separating  sucoeseive 
records  • 

5»  Tho  manipulation  of  tho  instrument  when  inserting  or  removing  a 
record  should  not  require  the  use  of  epeolal  tools. 

In  order  to  realise  these  desirable  features  it  was  necessary  to 
depart  from  Krogh'e  design  and  plaoe  tho  record  disc  near  tho  center * 
between  tho  watch  movement  which  rovolved  it  and  tho  recording  elements 
which  were  given  etationary  mountings  on  tho  front  plate. 

The  watoh  movement  finally  eeleoted  as  motive  power  for  the  unit  was 
a  standard  Waltham*  9  jewel*  8=»3/4  ligne*  unoaeed  movement,  without  dial 
or  hands*  and  supplied  with  the  longest  availablo  winding  stem  and  .center 
arbor.  The  movement  had  a  diameter  of  19*5  mm,  and  a  thickness  (not  in¬ 
cluding  the  arbor)  of  3*5  mm,  A  ono  piece  oaee  of  special  design,  with 
retaining  ring  and  oovor  all  made  of  brass  (bright  nickel  plated;*  houses 
the  movement  and  provides  for  tho  mounting  and  attachment  of  the  unit  to 
subjeotD  dicing  measurement.  The  form  of. the  oase  and  the  rensral  arrange¬ 
ment  of  the  parts  which  oompooe  the  C ,A.A.»N«R.C .  Mioro-Recor ier  are  shown 
in  a  scale  drawing*  Figure  1. 

The  movement  fits  the  case  snugly.  No  attachment  screws  are  used* 
but  only  the  pressure  from  the  retaining  ring*  which  la  held  In  plaoe  by 
two  sorowa.  The  rim  of  the  cover  is  perforated  with  eeven  slotted  holes 


The  writer  wishee  to  acknowledge  generous  advioe  and  assistance  from 
Professor  C  ,S.  Draper  of  Massachusetts  Institute  of  Technology*  and  from 
Mr,  Cj£,  Mann,  a  designing  engineer*  previously  associated  with  the  Waltham 
s/atoh  Company*  who  was  retained  port  time  for  service  on  the  projoot.  Mr, 
Mann,  after  oonferenoee  with  Professor  Draper  and  the  author*  supplied  data 
conoarning  possible  watoh  movements  that  could  be  used*  made  up  trial  diagrams 
and  layouts  for  assembly  of  all  the  elements  according  to  submitted  details* 
and  supervised  the  construction  of  special  cases*  special  tools*  and  variouo 
small  parts.  For  the  construction  of  the  recording  elements  and  for- the  final 
design*  assembly  and  adjustment  of  the  G 0AeAo-N»R,C 0  units*  the  author  himself 

wao  responsible. 


Figure  1 

Cross  section  Drawing  of  the  C. A.A.-N.R.C. 
Micro-Recorder  Showing  Form  of  Case  and 
Arrangement  of  Parts 
(Reproduced  about  3X  actual  size) 


Drawing  Showing  the  Layout  of  the  Temperature, 
Humidity  and  Base  Line  Recording  Units  Mounted 
on  the  Under  Side  of  the  Front  Plate 
(Reproduced  about  3X  actual  size) 
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Figure  3 

Front  View  of  the  C.A.A.-N.R.C.  Micro-Recorder  Showing 
the  Writing  Levers  Visible  Through  the  7  mm.  Opening 
Near  the  Winding  Stem 
(Reproduced  about  3X  actual  size) 


3*5  ran »  in  diamstor  (not  shown  in  tho  figure )0  It  is  therefore  flexible 
at  the  freo  odge  and  with  a  little  pressure  snaps  over  the  protruding 
oollnr  on  tho  oane.  A  small  pin  oxtending  from  this  oollar  dirootly 
opposite  the  winding  stem  and  a  notch  in  the  oovor  eorve  to  give  tho 
oorer  a  fixod  position  when  in,  plaoo  on  tho  case.  Tho  rim  of  tho  oover 
is  6.2  mm.  high  and  28  mm.  in  diameter.  (This  is  tho  portion  that 
projects  into  tho  rubbor  sponge  whon  tho  unit  is  mountod  on  tho  subject*! 
hand.)  A  flango.  made  as  a  part  of  the  oaso;  oxtonds  3  laterally 
from  the  rim  of  tho  cover*  The  unit  ie  suspended  on  this  flange  as  it 
rosts  on  tho  supporting  sponge  pad* 

The  front  plate  (boo  the  oealo  drawing  reproduced  as  figure  2)  fits 
flush  with  the  top  of  the  oover  ring  and  ie  attached  to  it  by  means  of  three 
email  screws.  This  plate  ie  perforated  with  15  holas  to  parmit  of  ready 
circulation  of  air  around  tho  recording  element s. (These  perforations  do 
not  appear  in  Flguro  2.)  A  group  of  6  holes,  oaoh  2*5  tea.  in  diametor» 
ie  placed  near  the  oonter  directly  exposing  a  large  portion  of  tho  bimetal 
thermomstor*  A  line  of  four  3*5  ram.  holes  directly  exposes  most  of  the 
length  of  ths  hair  uced  ao  the  moiBturo  indioat  or.  A  single  opening;  7  ram. 
in  diametor;  exposes  the  tracing  ends  of  tho  email  levers  to  view  after 
the  oaso  has  boon  closed e  Through  the  window  the  operator  may  assure  him¬ 
self  that  tho  levoro  are  making  suitable  traoings  on  the  enoked  disco 

The  details  of  the  recording  elemonto  for  temperature  and  humidity 
mounted  on  the  inner  side  of  the  cover  plate  are  illustrated  in  the  scale 
drawing,  reproduced  as  Figure  3*  The  temperature  elemont  is  cade  of  a 
ctrip  of  "Truflox  A"  bimetal  etrip  .010"  thick  by  .048"  wide  by  3jr"  long.5 
These  were  coiled  in  spirals  of  3  turns  with  the  right^angle*  outside 
tips  (O.-jl*  In  length)  pioroed  with  a  small  hole*  After  being  formed  into 
a  spiral  the  bimetal  was  hoot  treated  at  300°  F  for  a  period  of  3  hours* 

A  center  post  attached  to  the  front  plate;  eervoa  as  support  for  the 
bimotal  spiral.  The  mounting  was  made  by  means  of  a  small;  slotted;  brass 
spool  with  narrow  flanges  at  the  top  and  bottom.  The  eeparation  between 
these  flanges  is  Just  suffioient  to  admit  the  0*048"  width  of  the  bimetal 
strip  which  is  fawtened  by  soldoring.  The  spool  is  foroed  on  the  oonter 
post  and  held  in  plaoe  by  friction.  By  moans  of  a  oorew  driver  inserted 
in  the  open  slot  of  the  epool;  it  (and  tho  spiral)  may  bo  turned  to  any 
desired  position. 

The  recording  levere  are  made  of  0.002"  spring  brass  cheat  out  into 
strips  of  0.05"  wide.  Small  threaded  braes  spools  with  thin  flanges  ore 
used  for  attachment •  The  lever  strip  is  first  soldered  lightly  to  the 
spool  between  the  flanges;  then  rolled  around  tho  epool  loosoly  for  2tf 
turnso  At  a  diatanoe  of  2  mm.  from  the  oonter  of  the  spool  a  small  hols 
is  mads  in  the  strip.  Through  this  hole  a  small  wire  oonnoots  the  record¬ 
ing  lover  with  the  free  end  of  the  bimotal  oplral.  Beyond  the  oonnootion 


5  m 

The  Truflex  A"  bimotal  strip*  were  proourod  from  the  General  Plato 
Company;  Attleboro.  Massachusetts .  They  ooll-  and  heat-treat  them  to  order. 
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the  lever  ie  twisted  so  as  to  inoreaso  Its  flexibility  at  right  angles  to 
the  recording  eurfaoef  and  the  top  is  sharpened  and  bent  down  so  as  to 
form  a  thin  tracing  point c  The  spool  supporting  the  writing  lever  is 
fastened  to  the  front  plats  by  a  watch  eorow  and  held  in  position  by 
friotion  of  the  spool  against  the  plate*  Finer  adjustments  in  the  position 
of  the  lever  can  be  mads  by  slight  rotation  of  the  spool  attached  to  the 
bimetal  spiral. 

The  lever  for  the  humidity  element  is  of  similar  design  to  that  used 
for  the  temperature  recorder.  It  is  attaahod  to  a  piece  of  human  hair  that 
has  an  active  length  of  20  mm.  One  end  of  this  bit  of  hair*  aftsr  being 
passed  through  a  small  hole  in  the  lever #  is  tied  In  a  knot*  The  other 
end  is  olamped  by  means  of  a  small  cylindrical  nut  held  to  the  front  plate 
by  a  watoh  screw*  The  damping  must  not  be  so  tight  or  the  nut  so  sharp 
as  to  out  off  the  hair*  Carefully  selected)  thin,  smooth  human  hairs  are 
soaked  in  ourifiod  gasoline  for  24  hours  and  washed  with  ether  #  aloohol, 
and  distilled  water  before  being  mounted. 

A  third  and  fixed  lever  for  insoribing  a  base  line  is  o,»?.mped  against 
the  plate  under  the  spool  whioh  supports  the  lever  for  the  humidity  element. 
The  pooitioa  of  the  three  levers  and  tracing  points  is  so  adjusted  that 
the  levers  do  not.  interfere  with  asoh  other's  o<Vfc'ior.. 

The  Problem  of  the  Recording  Diso^ 

The  recording  diso  and  its  mounting  have  occasioned  the  major  diffi*=- 
oulty  in  dosign  of  the  G.A.A»**N.R„C.  Uioro^Reoorder.  Several  modifications 
of  one  sort  and  another  have  been  tried*  The  arrangements  shown  in  Figure 
4  are  not  regarded  fie  optimal  although  they  are  workable.  The  watah 
movement  hao  ample  power  to  drive  tho  disc  against  the^friotion  of  tho 
three  recording  needles o  The  arbor  is  quite  aoooasible  but  ie  not  by  it09 
eo If  suited  to  support  the  rooording  disc.  It  had  to  be  supplemented  by 
a  retaining  diso #  Dl,  made  of  bronxo#  9  mm.  in  diameter  and  .07  mm*  in 
thickness.  This  diso  is  so  formed  as  to  have  a  center  pivot  shoulder  1*7 
mm.  in  outside  diameter#  for  aentering  and  holding  the  perforated  smoked 
diso,  D,  This  pivot  shoulder  was  bored  out  to  rooeive  a  short  section  of 
drill  rod#  the  upper  end  of  whioh  wae  formed  ae  a  oonioal  bearing  point. 

To  the  underside  of  the  retaining  diso  a  email  hour~whael  adapter 
gear#  D2»  ie  attached  oonoentrio  with  this  dieo.  The  retaining  dioo  with 
shouldor#  pivot  bearing  point#  and  gear  wheel#  constitutes  an  assembly 


^It  is  no  doubt  clear  to  tho  reader  that  the  construction  of  a  WLoro- 
Reoorder  -from  first  to  last  must  be  a  "Jeweler's  job."  The  ports  have  to  be 
made  with  essentially  the  same  precision  and  sise  toleranoo  required  in 
good  watoh  work.  The  unit  must  be  adjusted  and  used  with  oare  and  skill 
similar  to  that  whioh  would  be  lavished  on  a  good  watch.  In  the  doeaription 
the  reader  hao  been  spared  going  over  many  dotails  about  materials#  dimen- 
sions  and  construction  which  can  be  supplied  to  any  who  may  be  interested. 
Qiaos  record  disoa  would  be  preferable  to  those  made  of  plaetio  but  they  were 
not  procurable* 
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Figure  4 

Comparison  of  the  Krogh  Micro-Climate  Recorder  and  the  C.A.A.-N.R.C. 

Micro-Re corder 

(Photographed  slightly  larger  than  the  actual  size) 

K  - Front  view  of  Krogh  unit 

K]_  - Krogh  record  glass 

K2  - Krogh  winding  key 

K3  - Krogh  sucker  for  manipulating  records 

A  - C.A.A.-N.R.C.  unit  showing  watch  movement 

in  case 

B  — : — Retaining  ring 

C  - Inside  cover  showing  temperature,  humidity, 

and  base  line  recorders 
D  - Record  assembly 

Dl  —  — Bronze  retaining  disc  with  pivot  shoulder 

D2  - Hour-wheel  adapter  gear 

D3  - Unsmoked  Lucite  record  disc 

E  - C.A.A.-N.R.C.  unit  completely  assembled 

and  ready  for  use 


' 


— 
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which  can  be  clipped  orer  the  arbor  and  forme  a  light  friction  fit  with 
it*  The  gear  on  thio  assembly  meshes  with  a  gear  of  the  watch  movement » 
The  retaining  disc  can  be  slipped  on  or  taken  off  at  will.  It  provides 
for  centering  and  supporting  the  record®  The  sharp  pivot  point  pro¬ 
jecting  from  the  top  of  the  retaining  disc  seats  in  a  metal  jewel  formed 
in  the  core  of  the  center  post  on  the  front  plate  (shown  in  Figure  4*  C)» 
This  center  post  end-bearing  is  made  of  a  piece  of  drill  rod  l/8"  long® 

It  forms  a  tight  fraction  fit  in.  the  tubular  center  post  of  the  front 
plate  and  its  position  may  be  adjusted  to  regulate  the  amount  of  end  play, 
tfhon  the  cover  of  the  case  1b  snapped  into  place *  the  pivot  point  of  D1 
seats  in  this  V-shaped  reoess  in  the  center  post*  and  the  record  disc®  now 
held  securely  in  a  position  horisontal  to  the  caBe*  may  bo  freely  turned 
by  the  watch  movement® 

The  recording  disco*  D3»  accommodated  in  this  unit  are  25  mm®  in 
diameter  and  are  perforated  at  the  center  with  a  small  hole  to  admit  the 
shoulder  of  the  bronse  retaining  disc.  In  the  first  experimental  trials* 
discs  made  of  Luoite  sheet  ®032"  in  thlcknsss  were  pressed  onto  the  bronse 
shoulder  to  fit  snug  and  flat  against  the  upper  surface  of  the  retaining 
disc®  It  was  found  that  the  pressure  of  the  ehouldor  at  the  center  of  the 
disc  soon  caused  it  to  loosen  Its  flatness  and  assume  the  ehape  of  a  shallow 
saucer.  This  modification  of  tho  surface  also  oocured  when  the  discs  were 
made  of  Luoite  as  thick  as  .040" «  Therefore*  it  eoomed  bast  not  to  depend 
on  a  pressure  fit  but  to  uoe  a  slightly  larger  hole  in  the  center  and  to 
cement  the  record  disc  to  the  bronse  retaining  diso®  This  introduces 
something  of  a  limitation  sinco  it  does  not  permit  of  rapidly  changing 
from  one  recording  disc  to  another  for  use  in  the  same  Hi  or  a  -It©  cor  dor  unit® 
However*  it  is  a  workable  soheme  sinco  the  records  usually  do  not  last 
longer  than  an  hour  and  several  can  be  inscribed  on  the  earns  disc  in  suc¬ 
cession  by  the  simple  expedient  of  stom  setting  and  making  supplementary 
notes. 


The  record  discs  are  very  lightly  smoked  on  one  side  over  a  cundle  or 
small  kerosene  lesnp®  Several  discs  can  be  prepared  in  advnnoe  and  stored 
in  a  small  box  which  has  a  center  poet  to  hold  them  in  order.  They  are 
kept  separated  by  small  washers.  Rubbsr  cement  or  any  one  of  a  number  of 
varieties  of  oemer;!;  are  suitable  for  attaching  the  recording  disc  to  the 
bronse  retaining  disc.  Several  units  may  be  completely  arranged  in  advance 
for  use  at  an  air  field®  It  is  expedient  first  to  let  the  watch  movement 
run  down  and  stop  so  that  whan  the  recording  diso  is  put  in  place  and  the 
oase  closed  the  unit  will  not  run  until  tho  operator  is  ready  to  use  it* 
at  whloh  time  he  winds  it  up  and  starts  the  movement® 

Saoh  Micro-Reo order  demands  separate  calibration  and  any  rosults  of 
field  tests  must  be  interpreted  in  reference  to  its  own  calibration  chart. 

Calibration  of  the  C oA.A.-N.R.Ct  &icr*/-Rocorder 

The  calibration  for  temperature  is  not  difficulty  Soveral  recorders  are 
placed  in  a  small  water  tight  box  which  is  immersed  in  a  conet  ant  temperature 
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bath  regulated  by  a  thermostat® ?  The  bath  is  equipped  with  a  stirring 
device.  A  high-grade  thermometer*  calibrated  to  0,10°  c0,  ia  plaood  in 
it  with  the  bulb  near  the  box.  By  setting  the  thermostat  to  different 
readings  and  keeping  it  at  any  single  reading  for  about  2  hours*  a  series 
of  representative  temperatures  may  be  applied  to  the  recorders.  The 
results  for  the  several  recording  discs  may  be  read  and  charted  separately 
for  each  recorder  unit® 

Tho  bimetal  thermometers  are  dependable  and  quite  stable®  Sach  spiral 
is  of  course  under  somewhat  different  tension  and  by  its  recording  lever 
hae  slightly  different  magnification  but  for  a  given  instrument  the  results 
are  consistent  and  have  an  accuracy  of  -0*20°  C. 

The  hair  hygrometers  must  be  calibrated  differently  and  in  a  manner 
that  is  necessarily  more  intricate*  and  less  accurate.  The  units  are  ex¬ 
posed  to  100^  moisture  by  wrapping  them  in  several  layers  of  wet  filter 
paper  or  in  wet  linen  towels.  Other  points  on  the  humidity  scale  were 
most  conveniently  supplied  by  following  the  method  outlined  by  Krogh^S 
This  method  takes  advantage  of  the  fact  that  well  defined  moisture  per¬ 
centages  are  established  over  saturated  solutions  of  water  absorbing 
salts.  UgCl^at  20°  C.,  gives  33^  humidity  and  at  40°  C«*  35^  humidity} 
K2CO3  at  l8.p°  C. *  gives  44^*  and  at  24,5°  C®,  43/£  humidity}  NaCl  at 
20°  *•*  gives  76 i*  and  this  is  almost  independent  of  temperature.  When 
calibrations  arc  cade  at  22^25°  C<  *  the  corresponding  moisture  percentages 
oan  bo  taken  as  33  for  UgCl2»  43  for  K2CO3,  and  76  for  NaCl,  Humidity 
measurements  with  the  hair  hygrometer  element  indicate  an  aocuraoy  of 
within  about  5^  in  the  range  of  75^  to  95^  moioture,  and  f0r  the  lower 
rangos  an  accuracy  within  2^  to  3^o 

Tho  chemicals  used  for  calibrating  tho  hair  hygrometers  woro  plaood 
in  des8ioators  and  the  instruments*  without  being  boxed  up*  wero  placed  on 
a  porcelain  shelf  and  Inclosed  with  the  chemicals  for  3  or  more  hours.  The 
difficult  part  of  this  procedure  is  in  adding  just  tho  right  amount  of 
moisture  to  the  ohemioais  ap  they  oan  be  molded  into  a  large  irregular  mass 
without  the  occurrence  of  fluid  eurfaoes.  For  further  details  of  tho  methods 
of  calibrating  such  instruments  reference  is  made  to  Krogh's  article*0  a 
dessioator  is  a  suitable  receptacle  in  whioh  to  keep  the  Uicro-Recordere 
when  not  in  use.  This  is  chiefly  for  protection  of  the  hygrometers.  They 
should  not  be  allowed  to  dry  out  and  overy  fow  days  should  be  exposed  to 
9 57*  moisture  to  keep  them  in  good  working  order.  Otherwise  now  hairs  must 
be  mounted  and  new  calibrations  made . 

After  calibration*  the  position  of  tho  bimetal  spiral*  and  the  form  of 
the  tracing  levers  for  temperature  and  humidity*  should  not  be  changed. 


7 

'A  precision  temperature  regulator  made  by  the  Eastern  Sngineering 
Company*  New  Haven*  Conn.*  was  used.  This  regulator  makes  use  of  a  number 
of  sensitive  liquide  which  give  a  v^ry  adequate  range.  The  arrangement 
employod  regulated  to  within  ^0C05° 

®Krogh»  A.*  op.  ait* 
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Figure  5 

Special  Stage  for  use  in  Reading  the  C .A.A.-N .R.C . 
Micro-Recorder  Records 


One  of  the  clamps  for  fastening  the  stage  to  the  microscope 
is  shown.  The  scale  at  the  bottom  of  the  illustration  is  in 
millimeters.  The  record  supported  in  the  central  ring  may  be 
turned  by  the  attached  arm  which  serves  also  as  an  index 
against  the  protractor  scale.  One  degree  equals  2  min.  of 
time. 


The  watch  movement*  however*  may  bo  regulated  for  thie  cover  ie  taken  off* 
the  record  dieo  taken  out*  and  the  retaining  rim*  B  *  ie  removod.  Then* 
by  means  of  the  winding  stem,  the  works  are  lifted  out  and  turned  over  for 
aooeaa  to  the  regulator  arm.  Thia  disassembly  plus  tho  raaaaoiably  after 
regulation  requires  only  two  or  three  minutes.  Rune  for  checking  reoord- 
diao  speed  by  moans  of  saoke  tracings  for  three  or  four  hours  are  used. 

An  assembled  ttioro~Rcoorder  ready  for  use  ie  illustrated  in  £  of  Figure  4. 
The  unit  has  a  total  weight  of  26  grams □ 

Reading  the  CoA»Ao=N*R<,Cc  liioro*Reoordor 

Host  thermometers  and  hygrometers  are  currently  made  as  direot  read¬ 
ing  instruments.  This  is  a  oonvenienoo  greatly  to  be  desired  but  is  not 
feasible  for  the  Uioro^Rsoordera.  The  circular  record  inscribed  by  this 
tiny  instrument  must  bo  magnified  if  useful  quantitative  data  are  to  be 
gotten  from  it.  Two  methods  of  magnification  are  available.  First*  quan- 
t&tive  readings  may  be  made  by  means  of  a  microscope*  fitted  with  a  suit¬ 
able  stage  (ase  Figure  5)  and  with  a  miorometor  scale  in  the  eye  piece  a 
Seoond*  large  permanent  records  oan  be  made  with  a  photographic  enlarger 
such  as  is  oommonly  used  for  Loioa  or  other  miniature  oamora  films o  The 
microscope  method  is  the  one  recommended  by  Professor  Krogh.  This  method 
wae  used  in  eeouring  the  data  presented  and  disoussed  in  Part  II  of  this 
report . 

The  enlargement  method  is  feasible  and  has  also  boon  used  by  the  author. 
It  employs  a  transparent  protractor  dieo  25  mm.  in  diameter  made  of  neg¬ 
ative  film.  This  diso  has  an  opening  in  the  center.  The  record  and  the 
protractor  are  placed  concentric  in  the  enlarger  so  that  the  print  shows  the 
tracing  and  the  degree  scale.  Enlargement  has  ono  special  advantage,  in 
that  copies  of  the  tracings  are  available  for  filing  with  the  notee  and  for 
reproduction  when  doelxedo 
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PART  II 

Preliminary  Experiments  with  Student  Pilots 

"Mental"  Sweating 

It  is  sometimes  obssrrsd  that  emotional  disturb&noe  tends  to  pro- 
duos  sweating,  especially  at  the  axilla,  on  the  soles  of  the  feat g  and  on 
the  palms  of  the  hands  .  "Mental"  or  emotional  sweating,  when  it  occurs, 
tends  to  appear  at  all  three  surfaoss  and  on  both  sides -of  the  body0  There 
are  considerable  individual  differences  among  people  when  they  are  measured 
under  what  are  arranged  to  be  objsctivoly  similar  oiroumstanoea »  Montal 
sweating  also  tends  to  oocur  under  a  rather  wide  range  of  environmental 
temperatures.  Aooording  to  the  olassiool  work  of  Krause, 9  who  studied  the 
distribution  and  nusibor  of  sweat  glands  on  the  human  body,  tho  palm  of 
tho  band  and  the  sole  of  the  foot,  oontaln  per  unit  area,  more  than  twloe 
as  many  sweat  glands  as  are  found  for  the  forehead.  The  forohead  itself 
is  very  richly  supplied  with  sweat  glands  in  oomparison  with  the  general 
surfaoee  of  the  body. 

By  use  of  the  fusohsine  dyo  method,  Miner*®  who  devised  this  technique, 
and  others,**  have  produced  moat  interesting  photographs  showing  tho  re¬ 
lative  distribution  of  the  sweat  glands  on  the  palm  and  on  the  sole  of  the 
foot.  The  dyestuff  when  dry  is  a  white-green  crystal  powder  that  can  be 
dusted  on  tho  skin  surfaces  quite  easily.  When  sweating  oocurs  the  moisture 
dissolves  the  orystals  and  yields  a  brilliant  dark  red  ooloring  matter.  By 
this  method  it  has  been  found  that  the  palmar  line  curving  around  the  base 
of  the  thumb  comes  out  almost  odorless,  indicating  very  little  sweatingo 
However,  beginning  near  this  line  and  on  either  side  the  deep  ooloring 
indioated  profuse  sweating  on  what  may  be  termed  the  large  protuberant  rogions 
of  the  palms.  The  color  tended  to  be  darker  on  the  fingertlpe  than  on  the 
other  parts  of  the  fingers .  From  this  general  picture  it  was  demonstrated 
that  the  parts  of  the  palm  which  oome  into  olose  oontaot  with  objects  grasped 
are  those  parts  whioh  tandod  to  produoe  ths  greatest  amount  of  sweating. 

The  oenter  of  the  palm  although  not  the  moot  richly  supplied  area  was  for 
praotioal  reasons  the  place  of  ehoios  for  looation  of  the  Mioro-Reoorder, 

Skin  Temperature  Changes 

Emotional  or  mental  tension  not  only  produces  sweating  strikingly  ob- 


^Krauss,  K.  F.  Th.  Wagner’s  Ilandwortorbueh  dar  Physiologis,  1844,2,131. 

*®Uimr,  V.  Ein  nsueo  Verfahren  xu  der  klinisohen  Untersuchung  der 
Sohweissabeonderune .  Z.  ges.  Hour.  Psyohiat.,  1927 »  47,  800. 

**Kuno,  Y.  The  Physiology  of  Human  Perspiration.  Londoni  Churchill, 
1934,  Pp.  268. 


eorvable  on  the  palms  and  the  other  areas  mentioned}  it  also  produces  some 
ohange  in  the  skin  temperature.  The  result  may  be  a  rise,  if  there  is  di¬ 
lation  of  the  capillaries  and  arteriole  and  inoreaoe  of  blood  pressure  re¬ 
sulting  in  increased  oirculatlont  or  a  fall,  if  there  is  constriction  of 
the  arteriole  and  the  dosing  of  some  of  the  oapillaries.  The  temperature 
of  the  skin  ie  modified  by  tho  vaporisation  of  the  treat  and  henoe  by  the 
circulation  of  air  over  the  skin. 

From  tho  large  amount  of  evidence  about  palmar  creating  and  temperature 
ohange  due  to  emotion  or  to  the  etreos  of  mental  work,  euoh  as  ie  involved 
in  mental  arithmetic*  ***  theee  areas  appeared  to  be  particularly  suitable  for 
study  in  student  pilots. 

The  C.A.A.-N.R.Co  Micro-Reoorder  ie  designed  for  use  in  examining  the 
responses  of  palmar  akin  areas  during  flight ,  It  needs  only  to  be  held  in 
some  suitable  support  near  the  palm  of  the  hand,  but  not  against  it.  In 
this  position  it  is  influenced  by  ohangog  in  the  humidity  of  the  air  imme¬ 
diately  over  the  semi -blanketed  skin  area  and  by  ohanges  in  temperature 
that  might  oocur  due  to  ohanges  in  circulation.  The  reoorder  in  position 
as  worn  on  a  subject's  hand  is  shorn  in  Figure  60  The  ring  (doughnut)  of 
porous  rubbor  sponge  supports  the  recorder  at  a  distance  of  1  cm.  from  the 
underlying  ekin.  The  temperature  element  is  influenced  by  both  oonduotion 
and  radiation. 


Experimental  Arrangements 

Arrangements  rare  mado  to  oonduot  tests  at  a  school  giving  CFT  train¬ 
ing  to  Yale  University  Studonto.^3  A  total  of  14  students  was  thooretioally 
available  for  this  study,  but  sinoe  it  was  impossible  for  the  laboratory 
assistant  to  be  at  the  field  continuously  during  all  of  the  flying  hours, 
rooorde  on  all  of  tho  men  were  not  scoured.  The  instruction  hour  sohedule 
for  the  Yale  students  (designated  by  letters  A-H)  is  shown  in  Table  1« 
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Kuno,  Y.,  op.  cit. 

^Lufberg  Flying  Sohool,  Inc.,  Wall inford,  Connecticut,  Ur*  R.  D.  T7* 

Vroom,  president  and  flight  oontraotor  for  training.  Tho  author  wishes 
to  express  oordial  appreciation  for  Ur.  Yroom'a  kind  oooperation  during  the 
period  in  which  it  was  possible  to  oonduot  the  teste,  i.o.,  until  flying 
oloee  to  the  Atlantia  Coast  had  to  be  discontinued. 

It  must  be  noted,  however,  that  despite  the  fins  oooperation  given  the 
study  by  Ur*  Yrocm,  the  instructor  at  the  airport  was  not  enthusiastic.  On 
the  whole  he  was  rather  unfavorable  to  tho  idea  of  oonduoting  any  experimenta¬ 
tion  in  oonneotion  with  tho  flight  training.  What  he  may  have  said  to  the 
students  in  regards  to  the  test  is  not  known.  It  had  been  planned  to  havo  the 
instruotor  wear  one  of  the  C.At>A*'’N.R.C.  Micro-Recorders  regularly  ae  a  con¬ 
trol  for  the  student's  record.  This  provod  not  to  bo  possible  ae  the  instruot¬ 
or  did  not  ohoose  to  ooopsrate  in  this  manner. 

Acknowledgment  is  also  made  of  the  faithful  services  of  Ur.  Loonard  Taddei, 
laboratory  assistant,  who  attended  to  taking  the  reoords  at  the  flying  field, 
and  who  read  and  tabulated  the  results* 
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The  C.A.A.-N.R.C. 


Figure  6 

Micro-Recorder  Mounted  on  the  Hand 
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Student  K  had  finished  CFT  training  and  had  received  his  solo  lioense. 
Students  N  and  L  were  both  private  students.  Student  U  had  finished  CFT 
training,  but  after  74  hours  flying  (up  to  Not.  4,  1941)  had  still  failed 
to  seoure  a  private  lioense.  The  others  were  regular  CPT  students. 
Examination  of  Table  1  reveals  that  instruction  was  given  on  all  7  days  of 
the  week,  and  in  general,  that  45  minutes  appear  to  be  allowed  for  eaoh 
lesson  with  15  minutes  between  for  servioing  the  training  craft.  Aotually 
the  lessons  were  30  minutes  as  a  rule  and  between  CFT  lessons  private 
students  wore  fitted  into  the  day's  program.  Two-passenger,  dual  control 
Taylororaft  planes  were  used  in  this  training  program!  three  planes  were 
usually  available.  The  training  period  extended  from  Octobor  20  to  December 
2,  1941.  This  oovered  from  the  beginning  of  training  for  these  boys  until 
near  the  end  of  their  training. 


TABLE  1 

INSTRUCTION  HOUR  SCHEDUI£ 
FOR  TAI£  O.P.T.  STUDENTS 


Time  Uon.  Tues.  ITed.  Thurs.  Fri.  Sat.  Sun. 


8*00  A.u.-8t45  A.u. 

A 

H 

A 

H 

A 

H 

B 

9*00  A.U.-9*45  A.U. 

B 

I 

G 

10*00  A.U. *10*45  A.U. 

C 

C 

C 

A 

11*00  A.U. -11*45  A.U. 

I 

E 

a 

E 

12*00  A.U. -12*45  P.U. 

I 

B 

a 

12*45  P.U.-I130  P.U. 

D 

D 

D 

D 

1*30  P.U.-2»15  P.U. 

E 

H 

B 

E 

I 

j 

2*15  P.U.-31OO  P.U. 

F 

F 

F 

F 

J 

3*00  P.U. -3 *45  P.U. 

0 

C 

J 

3*45  P.U.-4130  P.U. 

J 

1 

- 

This  particular  training  field  vtos  located  in  a  Talley  between  two 
ranges  of  hills.  The  field  was  of  average  size,  flat  and  oovered  with  firm 
sod.  It  presented  no  unusual  haxard,  and  the  air  traffio  around  it  was  very 
light .  Usually  not  more  than  two  or  three  planes  would  bo  in  the  air  in 
this  vioinity  at  one  time.  No  accidents  of  any  importance  occurred  during 
the  weeks  covered  by  this  training.  The  school  had  a  very  excellent  record 
in  reference  to  accidents. 
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Connecting  with  tho  hangar  and  adjoining  offioe  buildings  there  waa 
a  waiting  room  where  students  oomo  to  oheok  in  before  taking  their  lessons. 

The  room  was  oomfortably  furnished  with  lounge  chairs ,  and  was  heated  by 
eteam  radiators.  It  wae  in  thia  room  usually  that  ths  Micro-Reoordera  wore 
plaoed  upon  the  students  when  they  first  oame  for  their  day's  lesson. 

Following  the  lesson  the  students  returned  to  the  waiting  room  to  aign 
the  log  book  and  conrorse  with  tho  instructor  as  he  made  out  the  flight 
jacker.  Following  this,  when  they  were  ready  to  leave  the  fiold,  the  Micro- 
Reoorder  wao  removed. 

During  thoir  training  flighto  students  always  wore  parachutes  but  no 
other  special  flying  clothing.  They  wore  ordinary  shoss  and  trousers,  and 
in  placo  of  ooats  and  vests  or  overooats,  wore  Jackets.  No  gloves  or  mittens 
or  holmsts  woro  used.  There  were  never  any  open  cookpit  windows.  ..11110 
ths  waiting  room  temperature  was  comfortably  warm,  the  outdoor  temperature 
and  humidity  varied  considerably  from  day  to  day.  The  data  on  temperature 
and  humidity,  taken  from  the  looal  weather  report,  aro  presented  in  oonneotion 
with  the  records. 

In  introducing  the  instrument  and  the  test  to  the  subjects,  it  was 
oalled  simply  a  "temperature  recorder."  Ths  real  objective  of  the  tost  was 
not  desorlbed  or  discussed.  The  studont  was  told  to  treat  the  instrument 
like  a  watoh  and  in  general  try  not  to  smash  it.  He  was  asked  not  to  keep 
his  hand  closed  tightly  around  the  instrument  and  sponge,  and  not  to  try  to  keep 
his  hand  flat  open,  or  alternately  oponed  and  closed,  squeesing  and  releasing  tho 
sponge.  He  was  to  forget  it  and  use  his  hand  on  the  wheel  in  as  nearly  the 
usual  manner  as  possible.  Notes  were  mads  in  reference  to  each  flight  studied. 
These  inoluded  the  subjeot's  name,  dato,  time,  reoorder  number,  the  exact 
time  when  the  subjeot  got  into  the  plans  and  started  taxiing,  the  time  when 
the  plane  landed,  tho  time  when  the  recorder  was  removed. ^5  Each  student  was 
always  questioned  at  the  end  of  the  flight  in  reforenos  to  any  special  events 
that  might  have  oocurred,  but  in  gonoral  this  questioning  rovoaled  little  in 
the  way  of  significant  dGta  except  to  show  when  a  losson  wao  devoted  chiefly 
to  praoticing  steep  turns,  opine,  and  landing. 

Review  of  Representative  Reoords 

In  order  that  the  reader  may  have  a  first-hand  impression  of  tho  records 
secured  with  the  C.A.A.-N.R.Co  Micro-Recorder  usod  in  connection  with  flight 
training.  20  records  are  reproduced  in  the  following  few  pages  (Charts  1,  2, 

3,  and  4).  Ths  rocords  have  boon  enlarged  6 4* times.  The  subjects  are  des¬ 
ignated  by  letters.  For  some  subjeoto  groups  of  records  aro  shown,  for  others 


They  usually  arrived  five  or  ton  minutes  early.  Moot  of  them  oame  by 
auto  from  New  Haven,  about  12  milos  distant .  Subjeot  N  cams  from  Meriden, 

5  miles,  and  Subjeot  K  from  Middletown,  about  17  miles  away. 

^ At  first  it  was  thought  the  assistant  might  watoh  the  plane  during 
flight  and  make  notes  oonoerning  maneuvers  and  the  time  when  they  occurred. 
This  proved  impractioal  as  the  planes  usually  wont  off  some  distanoe  from 
the  field  and  were  frequently  lost  to  view. 
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single  records*  Opposite  eaoh  reoord  the  essential  data  tabulated  Aron 
it  are  given*  In  the  first  line  appears  the  subject  *s  letter  designation* 
the  date*  the  recorder  number*  the  weather  report  for  teoporature*  humidity* 
and  wind  for  the  time  of  day  nearest  that  of  the  flight  lesson*  and  finally 
the  training  plane  that  was  used*  The  seoond  line  gives  the  time  record) 

2  for  start  of  the  record*  E*  entering  of  plane*  usually  promptly  followed 
by  take-off*  L  landing  of  plane*  and  R  removal  of  tho  recorder  from  the 
subject's  hand*  The  third  line  (T  C°7  shows  the  temperature  readings  and 
the  fourth  line*  (H^)  the  humidity  readings*  Eaoh  reading  given  represents 
the  time  indicated  above  in  the  second  line*  A  horizontal  line  oonneoting 
two  readings  indicates  that  this  value  was  substantially  oonstant  for  the 
period  represented*  Following  these  data*  brief  notes  have  been  entered 
indicating  the  typo  of  training  given  in  the  lesson  and  other  pertinent 
comments* 

The  first  and  most  general  observation  noted  in  theso  records  is  that 
both  temperature  and  humidity  are  variable  during  the  periods  represented 
by  the  records*  Seoondly*  it  is  obvious  that  the  temperature  recorder  is 
more  sensitive  and  gives  a  larger  deflection  than  the  hygrometer.  Therefore* 
to  the  eye  the  temperature  appears  to  change  more  than  the  humidity*  The 
coil  spring  form  of  the  bimetal  thermometer  makes  this  unit  also  more  cubjeot 
to  response  from  vibration* 

-  In  almost  all  the  records*  as  would  be  expected*  rises  in  temperature 
and  in  humidity  are  shown  in  the  first  minute  or  so  after  the  recorder  was 
placed  on  the  subject’s  hand*  For  general  inspection  eaoh  tracing  can  be 
interpreted  in  terms  of  its  own  form*  but  the  readings  are  always  made  from 
the  base  line  labolod*  B,  The  rise  in  humidity  is  mare  prompt  than  that  for 
temporatureo  The  latter  gives  a  rather  gradual  change*  Following  this 
preliminary  elevation*  tho  two  curves  may  show  roughly  parallel  tracings* 
eaoh  rising  or  falling  during  a  particular  interval*  or  they  may  diverge* 
one  showing  a  rise  while  the  other  falls  or  indicates  substantially  no 
change*  Although  temperature  and  humidity  ovor  the  area  of  palmer  skin 
that  is  being  studied  represent  two  rolated  phases  of  nouro-physiologioal 
prooesses  aotive  in  the  tissue  and  in  the  body  as  a  whole*  those  phases  are 
not  neoessarily  highly  and  positively  correlated*  If  tho  palmer  skin  area 
was  completely  uncovered  an  inoreaee  in  sweating  would  logically  be  followed 
by  a  decline  in  ekin  temperature  due  to  cooling  from  evaporation*  The  porous 
rubber  sponge  mounting  retards  air  movement  and  evaporation  is  slowed  down* 
Sweating  may  therefore  oocur  and  skin  temperature  may  rise*  Testa  in  the 
laboratory  have  shown  that  wearing  the  reoorder  for  10  minutes  when  the  hand 
is  bare*  but  quite  warm  (3A»3®  CoT^oauses  a  rise  of  about  1*0°  C, 

In  somo  instanoee  it  is  evident  that  when  the  subject  left  the  waiting 
room  and  went  to  the  plane*  there  was  a  fall  in  temperature*  Probably  this 
is  to  be  credited  to  the  sudden  change  in  environmental  temperature  for  the 
subject's  body  as  a  whole*  resulting  in  a  general  aonstriotion  of  the  skin 
capillaries*  Decreases  in  humidity  at  the  time  of  going  to  the  plane  eeem 
less  pronounoed. 

The  humidity  ourvos  during  the  period  of  flight  appears  to  be  fairly 
regular*  although  they  sometimes  show  obvious  email  waves*  The  temperature 
curves*  because  of  the  construotion  of  the  bimetal  thermometer  as  a  spiral 


with  one  end  fro*  to  Titrate *  ehow  many  instances  of  pronounood  vibration 
of  the  recording  lever.  These  widonod  portions  of  the  curves  are  parties 
ulorly  prominent  at  times  oorroaponding  with  taxiing  and  landing  the  plane* 
They  also  aeon  to  occur  quite  frequently  from  sudden  movements  of  the  sub¬ 
ject  a  left  hand*  or  from  impact  of  vibration  oommunoiated  to  the  left  hand. 

Usually  there  ia  a  change  in  both  temperature  and  humidity  closely 
associated  with  landing.  Sometimes  these  ohangoa  Just  precede  that  event) 
at  other  times  they  follow  it.  Unf ort unat ely *  as  explained  earlier *  it 
was  not  possible  to  secure  intimate  details  of  behavior  data  for  temporal 
correlation  during  flight  and  in  connection  with  the  landing.  */e  must  there¬ 
fore  be  satisfied  with  a  general  view  of  what  the  experience  of  flying  does 
to  the  responses  in  the  3kin. 

Records  1  to  4  (Chart  l)  represent  four  different  studentai  Subject  K 
(Record  l)  was  not  a  novice  (he  had  his  solo  license)  but  even  so  he  shows 
temperature  and  humidity  changes  during  the  one  hour  of  flight  represented • 

The  temperature  and  humidity  wero  actually  highest  Just  before  he  began  his 
flight*  After  he  had  taken  off  and  been  in  the  air  for  about  ten  minutes 
the  temporature  slowly  fell  and  the  humidity  also  declined.  There  were 
periods*  however *  when  both  curves  tended  to  rise  again.  At  the  time  of 
landing  his  temperature  was  at  the  lowest  point  shown*  From  hero  it  grad-= 
lull/  rises.  The  humidity  howevor*  rose  at  the  time  of  landing  and  made  no 
special  change  after  that* 

Subject  I  (Record  2)  had  taken  about  one-third  of  his  flight  oourse. 

Tho  weather  humidity  vas  moderately  high  (70/0  while  over  his  palm  the  record 
gives  48.5^  as  the  highest  during  flight.  The  temperature  curve  is  quite 
even'  but  the  humidity  line  shows  several  small  vavos.  Following  landing* 
both  curves  rise. 

Subject  C  (Reocrd  4)  was  taking  his  second  flight  lesson.  This  was*  in 
fact  *  the  second  record  taken  at  the  field.  His  temperature  rose  irregularly 
throughout  the  entire  flight  period*  and  the  humidity  line  remained  quite 
consistently  smooth  and  relatively  high*  falling  promptly  after  landing. 

Subject  N  (Record  4)  had  about  six  hours  of  flying.  His  lesson  was  rel 
atively  brief*  Attention  ehould  be  called  to  the  upswing  in  the  temperature 
ourve*  also  in  the  humidity  curve*  which  occurred  several  minutes  prior  to 
hie  flight*  This  is  coincident  with  a  conversation  he  had  with  the  flight 
direotor*  in  the  presence  of  tho  aesietant*  and  during  whioh  he  seemed  to  be 
emotionally  upset  by  the  change  in  plans  which  the  director  told  him  must  be 
followed. 

Records  $  to  Q  (Charts  1  and  2)  represent  four  flights  for  Subject  H, 
taken  at  different  periods  in  his  C.P.T.  training,  but  all  with  the  some  re¬ 
corder  (No.  36 )»  Record  5  (Chart  l)  represents  hie  oecond  lesson*  It  was 
uneventful  *  he  wae  practicing  level  flight*  The  temperature  curve  rises  pro¬ 
gressively  throughout  the  flight  with  little  or  no  change  until  the  very  end, 
giving  a  quiok  descent  after  landing*  Humidity  risee  a  little  slowly  at  first* 
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but  remains  consistently  high  and  oven  throughout  tho  flight  with  a 
fairly  prompt  doolina  following  landingo  Reoord  6  (Chart  ?.)  showe  a 
lowered  temperature  probably  related  to  the  faot  that  the  environmental 
temperature  was  6,7  on  this  day,  oompared  with  18,3°  C.  on  the  day  of  the 
previous  rooord.  During  flight  tho  temperature  ourro  risoa,  but  not  as 
prominently  as  in  No*  5*  Lending  is  not  followed  by  a  fall  in  temperature, 
but  after  four  or  five  minutes  there  begins  a  prominent  rise  whioh  oontinues 
for  some  time.  This  is  assooiated  with  entering  the  waiting  room.  The  re- 
oordor  was  removed  from  the  student  and  the  continuation  of  the  reoord  marks 
the  adjustment  of  the  instrument  to  room  temperature.  The  humidity  ourve 
during  flight  shows  some  undulations,  but  following  landing  tends  to  be 
somewhat  higher,  Reoord  ^  (Chart  2)  roprosento  a  leeeon  in  which  landings 
and  tako-offs  wore  praotioed.  The  humidity  lino  is  fairly  oonetant  during 
pro=flight ,  flight,  and  post-flight  periods.  At  the  time  of  entering  the 
plans  there  was  a  sharp  decline  in  temperature  followed  by  the  irrogular 
riee  whioh  continued  through  the  flight  and  hold  its  general  level  following 
the  flight.  Landings  scorn  to  have  been  oxoouted  rather  smoothly  einoo  there 
is  no  clear  indication  of  them  in  the  temperature  record.  This  is  not  true 
for  the  same  reoorder  when  traoing  Reoord  Humber  8  (Chart  2).  Thie  was  a 
long  lesson,  (tho  entire  reoord  is  not  roproduoqd)  as  the  notes  indioate, 
during  tho  latter  part  of  which  the  atudont  colood,  and  was  considered  ready 
for  solo  license.  It  is  interesting  to  note  that  the  humidity  line  in  this 
record  is  the  highest  in  general  for  tho  four  records  representing  thie  sub¬ 
ject,  whilo  he  was  soloing  he  hit  the  top  with  100/C  humidity,  and  his  temp¬ 
erature  rooord  also  seems  to  havo  boon  at  its  peak  for  that  day,  although 
not  higher  than  on  other  days.  This  may  be  an  oppression  of  tho  oooling 
effect  produoed  by  the  sweating,  following  final  landing  the  temperature  roeo 
at  ill  higher,  while  the  humidity  remained  at  100^. 

Tho  throe  Reoords  V  to  11  (Charts  2  and  3)  inclusive  aro  all  for  Subject 
D  and  wore  taken  with  the  same  reoordsr  (No,  36),  These  were  all  representative 
of  the  aeoond  half  of  the  course  for  Subject  D,  In  Reoords  9  to  10  (Chart  2) 
the  student  was  practicing  landing  and  taking  off.  Indications  of  landing 
seem  to  be  proaent.  The  humidity  ourve  bumped  the  top  of  100^  regularly  for 
this  man.  The  tomporature  curve  tonded  to  rise  throughout  flights  represent od 
by  Reoords  9  to  10  and  to  be  still  higher  following  the  flight,  whilo  the 
humidity  went  down0  In  Reoord  11  (Chart  3)  Subjoot  D  had  a  fairly  long  flight, 
50  minutes.  The  plane  was  landed  during  this  interval,  the  instructor  left 
the  ship,  and  the  student  was  allowed  to  solo.  The  reoord  is  not  a  particularly 
legible  one,  but  it  seems  to  indioate  that  he  got  along  nioely.  Ho  wbb  prob¬ 
ably  doing  oonsidorable  mental  sweating  as  tho  humidity  was  100^  for  16  minutes 
during  tho  latter  part  of  the  flight,  whilo  the  temperature  ourve  remained 
at  29»7e  Following  landing  the  temperature  ourve  quickly  rose  to  31 ,  and  tho 
humidity  fell  off  to  86jC,  It  is  noteworthy  that  the  first  solo  flight  of  Sub¬ 
ject  D  seeme  muoh  loon  omotionally  eventful  than  does  that  of  Subject  H 
(Reoord  8),  Both  reoorde  were  taken  with  tho  same  reoorder,  and  under  closely 
similar  environmental  conditions,  temperature  12,2°  ct  humidity  78/C,  the 
same  wind  conditions,  and  tho  same  plane. 

These  recorde  for  Subjoot  E  are  included  as  Numbers  12  »  13 »  and  14 
(Chart  3)«>  The  first  two  were  taken  with  recorder  36,  the  last  with  reoorder 
number  2,  No  spooial  oommente  are  reoeosary  except  that  judging  from  the 
temperature  and  the  humidity  during  flight,  tho  strain  seems  to  bo  greater  on 
the  subjoot  in  Reoords  13  and  14  than  in  Record  12,  The  last  two  records  were 
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probably  more  trying*  sinoo  the  subject  was  praotioing  landing  and  taking 


Records  15  to  20  (Charto  3  and  4)  inoluaivo  aro  all  for  subject  F. 

Number  15  (Chart  3)  oame  at  the  very  first  of  hie  oourso*  and  number  20  at 
the  very  end.  It  ia  noteworthy  that  oscillations  in  the  curves  aeon  rather 
to  inoreaae  with  the  progress  of  hia  training.  Perhapo  this  is  the  general 
pioture  that  should  bo  expected  if  a  relatively  large  number  of  tracings  are 
taken  representing  the  entire  course*  At  the  first  the  subject  may  be  al- 
moat  continuously  tense  and  emotionally  wrought  up.  As  he  progresses  his 
poriods  of  tenseness  may  be  interrupted  by  periods  of  relative  relaxation 
and  ease  reflected  by  osoillations  in  the  traced  curves.  In  order  to  prove 
such  a  statement*  it  would  certainly  be  necoas'ary  to  hav®  a  detailed  aooount 
from  the  instructor.  How  or  why  the  humidity  curve  shows  such  a  sharp  and 
relatively  square  notoh  as  is  indicated  in  Record  1?  (Chart  4)  Just  prior 
and  after  the  Interval  of  entering  the  piano*  is  at  present  wholly  unexplained. 
The  precipitant  drop  in  humidity  in  the  few  minutes  just  preceding  landing 
(Record  17)  associated  with  the  rise  in  temperature  is  also  difficult  of 
explanation.  If  it  may  be  assumed  that  changes  in  teaporaturo  and  swoating 
represent  emotional  responsiveness  then  Subject  F  certainly  eoems  to  have  ox= 
pori snood  these  conditions  both  bofore  and  during  the  lesson  in  whioh  he  was 
permitted  to  solo*  whioh  is  represented  by  Record  20o 

In  general*  for  tho  reoords  at  our  diopooali  it  eeems  that  the  solo 
lessons  give  the  best  illuatrut icns  of  rapid  tomperature  and  humidity  mod* 
ulations  whereas  the  first  or  very  early  lessons  give  the  smoothest  and  most 
regular  ourvt- . 


Review  of  Grouped  Data 

From  tho  preliminary  investigation  carried  out  by  use  of  C«A.A.=N,R.C. 
Uloro^Reoorders  it  is  possible  to  present  only  very  genoral  findings.  Ho 
grades  or  ranka  on  the  students  for  tension  or  relaxation  were  available. 

The  instructor  regarded  the  tests  as  an  interference  with  his  work  and  oould 
or  would  not  lend  cooperation.  All  the  CFT  students  were  Juet  beginning 
their  training.  The  school  was  a  small  one*  air  traffic  was  alight*  and  other 
oondltiona  favorable.  All  the  training  was  by  the  same  instructor.  Throe 
dual  oontrol  Taylor oraft  planes  wore  used. 

It  seems  possible  to  group  the  results  and  present  them  in  tabular  form. 
The  following  Tables*  2  to  10  inclusive*  are  all  similarly  arranged.  The  ro- 
oorder  tracings  for  eaoh  nun  have  boon  divided  Into  threo  chronological  por* 
tions*  representing  the  pre*flight *  flight*  and  poet~flight  periods o  The 
duration  of  the  flight  period  varied  somowbat  *  but  not  ae  greatly  as  did  the 


^A  ourloua  portion  exists  near  the  middle  of  tho  flight  reoord  for  number 
14  where  a  large  and  continuous  amount  of  oeoillatlon  of  both  tracing  levers  is 
shown  for  a  period  of  about  10  minutes.  It  is  tantalising  not  to  know  the  mean* 
ing  of  sueh  featuroo  of  these  tracings*  and  the  writer  feel#  most  apologetic  for 
these  gaps  in  the  inf orrcat ion  that  should  be  available  both  to  him  and  to  the 
reader o 


Sub.j-K:  ll/ll/ 41  ,#2 ,5A .M  .6 . 7°C ,58H  ,W-4 ,NC27644 
SI :45P.M.  1:56  152:02  2:30  2:45  L3:02  3:17R3:32 

TC  32.0  29.2  29.2  23:5_23.5  18.7  22.7  27.3 

E%  33  97,  97,  97  92.5  85,94,  94  88,97,  94 

Note:  This  subject  had  his  solo  license. 


1. 


Subj-I:  11/31/41, #2, 8A .M .5 .0°C ,70H ,Calm,NC27646 
S8:57A.M.  8:59  E9:02A.M. 9:15  3:27L9:35  9:47  R10:05 

TC23.5  21.7  17.9  15.0 15.0  14.5  13.2  17.3  22.2 

E%  36,  33  33  37,  48.5,39,58,43  58,  79 

Note:  Usual  procedure:  Level  flight. 


Subj-G:  10/20/41 ,#36 ,5P .M . 15 . 6°C ,5  7H ,SW-8 ,NC  29590 
S3:45  E  3:55,4:02,4:19  4:25  L4:30  R4:32 

TC25.2  25.7  27.3  29.5  31.0 31.0  32.4  32.4 

33,82,77.5  86  (55min)  86  77.5  77.5 

Note:  Practiced  level  flying.  Plane  took  off,  made 
first  turn  at  500  ft.,  rose  to  1000  ft.,  minor  nec¬ 
essary  turns  taken  at  1000  to  1500  ft. 


Subj-N ;  10/20/41 ,#3 ,5P .M .15 . 6°C ,5  7H ,SW-3 ,NC29590 
S4:05,  4:34,4:45  E4:55  L5:15  R5:18 

TC28.0 _ 26.0  30.0  28.0(20  min)  28.0(5  min) 2u.O 

40  92  100  94  88.5(20  min)  88.5(5  min)88.5 

Note:  Landed  and  took-off  twice  during  period.  This 
subjects  readings  run  normal  continuously  for  thirty - 
five  minutes,  then  there  is  a  sudden  rise,  believed 
due  to  a  conversation  with  Mr.  Vroom  regarding  a 
change  in  his  flying  schedule.  Has  had  some  hours  of 
flying,  about  6. 


Sub.j-H:  10/21/41  ,#36  ,5P  .M .  18 . 3°C  ,  75H  ,SW-5  ,NC29590 

S2 : OOP .M .  E2:05P.M.,2:16,2:32,2:42,L2:44P.M.R2:47P.M. 

TC28.6  28.0  31.0  34.0  34.2  32.3  31.0 

E%  42,  64.5,  86.82  (57  min) _  82  68.5 

Practicing  level  flight. 


CHART  1 

C .A.A.-N .R.C .  Micro-Recorder  Records  1-5 
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Sub.j-H;  11/11/41  ,#36  ,5P  .M .  6 . 7°C  ,58H  ,W-4  ,NC27646 
S1:26P.M.1:28,E1:34P.M.1:46,1:58,L2:05P.M.2:21  R2:50 
TC28.4  22.3  23.9  24.4(12  min) 24.4  23.1  29.1  35.2 

HJ6  33,86  86  90,  82  91  91 

Note;  Recorder  removed  from  student  and  left  to  con¬ 
tinue  under  "waiting  room"  conditions.  Practiced  level 
flying. 


H.  iMI-t-l  +3* 


Sub.j-H:  ll/l9/41,#36,8:00A.n.ll.l°C,64H,SW-6,NC27646 
S2:55P.M.  3:05,3:35E3:45  L4;15  4:23  R4;41 

TC25.7  29.5  34.4  29.1  34.4  34.4  34.0  35.2 

33,  86  91  86 _ (50  min)  86  91  88.5 

Note:  Landings  and  take-off's  were  practiced. 


Sub.l-H:  12/2/41  ,#36  ,5P  .M .  12 . 2°C  ,  78H  ,SW-4  ,NC  27644 
8-  S2: OOP .M  .2: 12E2: 15  2:38  3»02  3:48  L4:01  R4:19 


TC26.5  26.0  28. 5( 60min) 28.3  23.0  29.5 _ 29.5 

33  95  95  86  ,  95  100  100 _ 100 

Note:  Plane  landed  at  2:52P.M.  Instructor  left  ship. 
Landing  and  take-off's  practiced,  student  solo'd. 
Ready  for  solo  license. 

Note:  Indications  caused  by  landings.  Flight  period 
longer  than  usual. 


9. 


Sub.j -D :  11/13/41, #36record"B"  ,5P.M.8.3°C,55H,SW-9,NC27646 
812:52  E12:55  1:00  1:12  1:14  Ll:27  L:33,1;37R1:44 

TC25.2  25.7  26.5(12  min) 26 .5  29.5 _ 29.5  32.4  34.5 

H>633  86  91  100  91,100  91  86  95  86 

Note:  Plane  landed  1:15,  and  took-off. 


10. 

Sub.j-D:  11/17/41  ,#36 ,5P .M . 8 . 3*C ,  31H  ,W-5  ,NC27646 
S12:37  12:44  E12:45  1:05  LI: 18  1:20R1:30 

TC23.0  23.9  28.4  29.5 _ 29.5  32.3  35.2  26.4,37.0 

HSC  33  86  100  100 _ 100  95,  86  91  86  91 

Note:  Landings  and  take-off's  practiced  during  entire  period. 


Chart  2 

C .A.A.-N.R.C.  Micro-Recorder  Records  6-10 
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.H 


t 


A  (2 -l-V-/ 


Pub.j-D:  12  ^l/  41  ,#36 ,5P  .M  •  12 .2°C ,  78H  ,SW-4,NC27646 
S2:18  E  2:35  L3:25  R3:32 

TC23 .0,52 .3,33 .0  33.0  29.7 _ 29.5  31.0  31.0 

n%  33  95  95  100 _ 100  86_86  91  91 

Note:Flight  period  longer  than  usual  for  C.P.T. 
student,  since  he  was  allowed  to  solo,  after  plane 
landed  and  instructor  left  ship. 


Sub.i-E:  10 '30 ^l,/^, 5P.M.  11.1°C,71H,W-4,NC27647 
Sl:36  El: 38  1:48  1:58  2. 06L2:10, 2:16, 2:41^2:54 

TC25.7  23.5  24.1  28.1  27.5  26.5  25.0  35.3_35.3 

H$  33  77.5  82  (50  min) _ 82  64  86  77.5  64 

Note:  Practiced  level  flying. 


13. 


SuD.j-E:  H/3/41, #36, 5P .M  .14 ,0°C ,53H,SW-3,NC27647 
S1:32E1:38  2:02  L2:10  R  2:22 

TC22.0  27.6  35.2  24.5  24.5 _  24.7 

33  80  95  100 _ 100  95 _ 95  91  91 

Note:  Landing  and  take-off  clearly  shown  by  bubble 
like  indications.  Usual  procedure. 


7f.- 


Sub.j-E:  H/lO/41, #2, 5P  .M  .7.7°C.  ,54H ,NV.-3,NC27646 

SI: 10  1:12  1:17  El: 20  1:30  1:36  1:48  1:58  L2:06  R2:18 

TC22.2m39 . 7,  26.5  26.5  28.1  30.7  29.3  27.3,26.^26.7 

H^48,  85  88  88  94 _ 94  100_100  97,94,88 

Note:  Ten  minutes  during  flight  v/hen  readings  impossible. 
Landed  and  took-off  twice  during  flight, 1:44, 2: 00 


Sub.j-F:  10/20  /41,#35 ,5P  .M .  15 . 6°C  ,57H  ,SW-8  ,NC29590 
Note:  Recorder  placed  on  student  while  seated  in  plane 
to  begin  flight. 

£3 :06P.M.  3:16  3:26  L3:41  343  R3:50 

TC  21:0  25.0  25.5 _ 25.5  26.1_26.1 

H%  33  73  95  (25  min)  95  98 _ 98 

Note:  Recorder  placed  on  subject  while  seated  in  plane, 
plane  ready  for  take-off.  Practiced  level  flying. 


Chart  3 

C.A.A.-N.R.C.  Micro-Recorder  Records  11-15 


-  30  - 


76. 


Sub.j-F :  11/3  /  41  ,#2  ,5P  .M .  14 .0  °C  ,52H  ,SW-3  ,NC27647 
S1:56P.M.2:00  2:14  E2:20  2:36  2:40  L2:54  R3:00 
TC20.7  27.8  35.1  35.6_35.8  34.8  34.0  35.4 

H/C48 .5  88  69.5  82  91  69.5 _ 69.5  79 79 

Note:  Practiced  level  flying. 


Sdb.j-F:  11/4  /41  ,#2  ,5P  .M  .13. 3°C  ,4411 ,5-7,NC29590 
S2:00P.M.  2:08,2:19  E2:21  2:46  2:56  L258  R3:02 
TC22.7  33.0  35.7  35.5_35.5  36.6  36.9  36.9 

H%  33  42  91  48  84  88  66  39  69  69 


Sub.j-F:  11/18/41  ,#36,5P  .M  .14 .0°C  ,61H,S-8,NC27646 
SI: 27  1:57  2:12  E2:16  L2:46R2:54 

TC23.8  31.8 _ 33.1  31.0 _ 31.8 _ 32.3  *33.1 

H.%  33  86  56  77  42  84  84,68  50.5 

Note:  Landings  and  take-off* s  practiced.  Has  seven  hours 

of  flying  at  this  period. 


77. 


£  ll~Z7~y/  /  2 


Sub.j-F:  11/2 7/41, #2 ,5P.M.  ,12.2°C,44H,SW-7,NC-27644 
S2:09P.M.  2:13  2:17  E2:18  2:25  2:43  L2:57  R3:10 
TC26.3  33.5  30.7  30.7  32.5  26.3  25.0  22.5  33.5 

H %  33  72.5  33  33  79  33  45-45  75  94  33 

Note:  7-20' s,  steep  turns  and  spins  v.ere  practiced  during 
period . 


Sub.j-F:  12 /2 /41  ,#2 ,5P .M ,12 . 2 °C , 78H ,  SW-4 ,NC2 7646 
S2:42  3:00  E3:06  3:16  4:02  L4:10  R4:17 

TC35.0  36.5  33  30.7  14.4  17.8  20.6 

H£54.5  79  48  79  85  69  79  69  79 

Note:  During  period  plane  landed  and  instructor  left 
ship,  student  solo'd  remainder  of  period.  Read;;  for 
license. 


the 

solo 


Chart  4 

C  .A  .A  .-N  .R.C .  Micro-Recorder  Records  16-20 
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pre-flight  and  post-flight  periods®  Some  student*  oams  just  before  the 
time  for  their  eoheduled  lessons »  Henon  the  recorder  va#  attached  for  only 
a  brief  period  before  they  vent  to  the  plane*  Others  oame  early;)  or  after 
they  arrived  their  lessons  were  delayed*  and  longer  tracings  were  pro- 
cured*.  Similarly  for  the  post-flight  period)  some  student*  vanted  to  leave 
immediately*  other*  stayed  about  for  several  minutes* 

In  Table  2  temperature  rosults  are  presented  for  the  first  trials  made 
on  each  of  ten  men*  most  of  whom  were  CFT  students*  The  columns  beginning 
at  the  left  represents  Tho  subject*  designated  by  letter*  the  number  of 
the  Micro-Recorder  that  was  used*  the  weather  temperature*  and  the  total 
number  of  minutes  for  the  entire  record.  The  remainder  of  the  table  is 
divided  into  three  portions  for  the  three  periods*  Under  "pre-flight  period" 
there  le  a  column  giving  the  duration  in  ninutea  after  the  recorder  was 
mounted  on  the  subject ve  hand  bofore  he  vent  to  the  plane*  This  interval 
varied  from  2  to  50  minutes®  The  next  column*  headed  £,  shove  the  temperature 
reading  at  the  time  the  recorder  was  mounted  on  the  subject's  hand*  The 
next  two  column#  are  headed  "representative  temperature *"  one  is  headed 
"early »"  the  other  "later*"  The  times  which  corresponded  to  these  toraper- 
aturee  were  of  course  recorded  in  our  note**  but  for  sake  of  simplicity  they 
have  been  omitted  from  the  tables*  The  last  column  undor  "pre-flight  period" 
represents  the  highest  temperature  found  In  thie  period*  The  seme  arrange¬ 
ment  of  columns  is  followed  for  the  "flight  period#"  and  in  general  for  the 
"post-flig* t  periods"  In  the  later  divleion  there  is  only  one  oclumn  for 
"represent)  tive  temperature®"  The  same  scheme  of  tabulating  the  data  is 
followed  i.i  Table  3»  »hich  give*  humidity  result*  on  these  ten  men  during 
first  trials c  Tables  2  and  3  should  be  considered  together* 

Viewing  the  temperature  result e  in  Table  2  as  a  whole  it  ie  evident 
that  some  men's  hands  were  pretty  oold  and  some  were  pretty  warn*  The  range 
before  flight  wa*  from  15*0°  for  Subject  C  to  33*5°  Go  for  Subject  B*  both 
reoords  being  made  with  the  earn#  recorder®  If  the  oomporisons  are  limited 
to  the  oolumn  which  gives  the  "highest"  value*  the  range  ie  20oT°  to  35.5°  G. 
Four  of  the  men  are  30°  or  higher*  eix  are  below  30°  but  higher  than  20°. 

In  the  flight  period  the  temperature  rang*  ie  still  greater*  from  14*5°  to 
35»0°*  subject  B  again  showing  the  highest  value*  while  Subject  I  io  low 
here  as  well  as  in  the  post-flight  period*  Subject  I  bad  hie  lesson  on  a 
day  when  the  weather  temperature  wae  the  lowest  for  tho  group  (5*0°  G®) 

Thie  undoubtedly  has  something  to  do  with  hie  temperature  picture.  In  these 
preliminary  reoords  it  was  not  possible  to  equate  the  reoords  for  the  weather 
temperature®  The  averages  for  Table  2  ehow  a  rather  smooth  trend®  In  the 
pre-fllgrt  period  after  the  recorders  ware  put  on*  there  was  a  gradual 
elevation  indicated  by  the  values  26.4*  26.4*  26,6,  with  27®0  as  tho  average 
for  tho  highest  point®  At  leaving  the  waiting  room  and  entering  the  plans 
there  was  a  deoline*  on  the  average  0*8  dogroee®  This  wao  followed  by  a 
further  alight  descent  to  25,7®  Later  in  the  flight  there  was  an  increase 
to  an  average  of. 27.8*  which  happens  to  be  identical  with  the  average  for  the 
highest  point  before  flight®  At  landing,  the  temperature  remained  at  the  level 
shown  in  tho  later  part  of  the  flight c  There  was  4  slight  decline  oorree- 
ponding  to  the  pilot's  leaving  the  plan*  end  going  to  the  waiting  room0 
Averages  for  the  highest  points  ahow  an  upward  trend  from  pre-flight  to  post¬ 
flight*  27.8,  29*0*  and  30*0° 
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The  humidity  re suits  at:  given  in  Table  3  also  oho*  fairly  wide  indi¬ 
vidual  difforensos*  In  the  pre-f light  period  only  one  subject  touched  100^, 
but  aoren  wore  75^  or  abovo  (uoe  column  headed  !1later")o  Subject  1  ie 
again  low  man.  In  the  flight  period  and  also  in  the  post -flight  period* 
thero  was  only  one  oose  that  reaohed  100/£«  In  terme  of  averages*  the  flight 
period  aa  a  wholo  seems  to  be  a  full  5^  above  the  general  lovei  for  the  later 
portion  of  the  pre-flight  periods  With  the  exception  of  the  drop  that  oo- 
cur red  at  the  time  of  landing*  the  post-flight  period  continues  at  the  same 
level  as  shown  for  the  flight  period*  ttxarainat ion  of  Tables  2  and  3  to¬ 
gether  reveale  that  the  flight  period  is  not  sharply  marked  off  from  the  pre¬ 
flight  and  post-flight  periods*  Thero  is*  however*  some  tendency  for  the 
humidity  to  rise  during  the  oarly  part  of  flight o  The  rioe  in  humidity 
with  flight  io  demonstrated  with  seven  of  tho  ten  subject a •  Six  appear  to 
demonstrate  a  rise  in  temperature e 

The  eeoond  trials  for  seven  subjoote  are  presented  in  Tables  4  and  5*^ 
Table  4  ehows  a  narrower  range  of  individual  differences  than  is  found  in 
Table  2*  The  averages  indicate  that  the  flight  period  taken  ae  a  whole  is 
characterised  by  higher  temperatures  than  were  reoorded  during  tho  pre-flight 
period*  The  post-flight  period  continues  at  approximately  tho  some  level 
as  found  for  the  flight  period*  Thero  ie  a  progressive  rise  in  tho  averages 
for  "highest"  values  in  the  threo  periodo*  The  humidity  results  (Table  $) 
are  in  genoral  similar  to  those  for  temperature*  They  show  a  narrower  range 
of  individual  differences  than  found  in  Table  3#  and  iu  terme  of  averages* 
a  slightly  higher  percentage  of  humidity  for  the  flight  period  as  oontrast-^d 
with  the  pre-flight  period*  with  a  alight  tendency  for  a  decline  in  the  post- 
flight  period* 

Repeated  trlale  were  taken  on  some  subjects  at  different  point*  in  the 
training*  Tablee  6  and  7  give  temperature  and  humidity  roaulta  for  two  of 
those  subjects?  M  and  H>  It  Is  evident  that  subject  t£*  the  man  who  had  been 
unable  to  got  hie  private  lioense  following  3»P*T.  training*  follows  the 
pattern  of  showing  higher  temperatures  in  flight  than  in  pre-flight*  In 
post-flight  his  temperatures  deolined  in  three  out  of  four  trials  (Table  6)* 

The  humidity  reeults  for  subject  U  (Table  f)  are  higher  in  tho  flight  period 
than  in  tho  pre- flight  interval  and  in  tho  noet -flight  period  are  still  higher 
than  in  the  flight  period*  Subject  H  reverses  this  pioturo  to  some  extent* 

For  temperature*  the  flight  period  ie  higher  than  the  pre-flight  period* 
but  not  ae  high  in  general  as  the  post -flight  period.  »hile  for  humidity 
(Table  7)  the  flight  period  is  the  highest*  tho  post-flight  -leriod  aomowhat 
lower*  and  the  pre-flight  period  still  lower. 

Similar  results  for  two  othor  Subjects  £  and  B  are  given  in  Tables  C 
and  9t  respectively.  The  genoral  temperature  level  for  both  subject e  ie  highor 
in  the  flight  period  than  in  the  pre-flight  period*  but  for  Subject  £  the 
post-flight  period  shows  a  decline,  while  for  Subject  B  tho  post-flight  period 
ehows  an  increase.  For  humidity  Subject  £  shows  a  fairly  marked  incroaoo  in 


^Theae  ore  not  in  all  dases  the  same  subjects  as  represented  in  Tablee  2 
and  3  because  unfortunately  Recorder  Mo®  17  (used  in  both  first  and  oecond  trials 
on  some  subjoots)  had  it3  adjustment  changed  in  some  manner  after  calibration* 
and  the  humidity  records  with  it  oculd  not  bo  used. 
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the  flight  period  over  the  pre-flight  period*  and  in  the  poet^flight 
period  ei  dnoline  to  the  level  of  the  pre-flight  periods  B  wae  about 
equally  high  in  both  the  pre-flight  and  the  flight  periods*  but  in  tho 
post -flight  period  shove  a  decrease * 

There  ’.fere  three  subject o  (Subjoctn  B?  H»  and  F)  on  whom  reoorda 
wore  secure!  during  their  first  solo  flights®  Oc  averaging  these  throe 
records  (Table  10)*  it  way  found  that  tho  pre-flight  period  v&.e  character¬ 
ised  in  the  tvo  representative  tomperutureo,  by  31.3°  and  31.0°  C.,  the  flight 
record  by  28*3°  and  22o40  C.*  the  post -flight  record  by  27*0°  C.  While  for 
humidity  tho  pre-flight  period  shoved  89«7£  and  04,>’£*  the  flight  perlcd 
90o<$  and  83®0)£  and  tho  poet-flight  period*  90„o£<>  This  would  seem  tc  in- 
dio&te  quite  a  definite  fall  in  temperature  during  flight  coupled  with  a 
rise  in  humidity,,  Tho  high  humidity  and  low  temperature  continued  after 
tbs,  mghta.1* 


Die  cushion  and  C-cnclu*.'  ona 


Tho  appearance  of  tennion  and  emotional  etreco  in  connection  with  tho 
experience  of  learning  to  fly  hen  boon  commonly  reported  by  flight  instructor* 
nnd  also  not  infrequently  by  thoce  who  ars  hoing  taught.  Instructors  fre¬ 
quently  tell  ttudsnta  not  tc  bs  so  teneo*  to  hold  the  stick  lightly  rather 
than  to  grip  it*  and  to  let  the  piano  fly  itself u  Students  in  thoir  lesuocs 
find  it  difficult  tc*  hoe!  ihaoe  luitructionn,  Thors  interested  in  pilot  eeleo- 
ticn  and  training  have  given  considerable  thought  to  the  possibility  of  moo.- 
suring  tension  ard  emotional  etross  and  of  identifying  those  etulentr  iu 
whom  these  pflychoiosioal  phenomena  are  pronounced*  It  has  seemed  probable 
that  meaeureMonts  of  this  character  might  be  baaed  on  circulatory  and  gland¬ 
ular  responses  *  As  one  lint*  of  exploration  ir.  this  direction*  the 
N.RoC,,  Uloio-Hecorder  was  designed  end  built*  It  le  a  omll  self -contained 
unit  uhioh  register*  graphically  the  temper  at  ur*.  &r*.<i  moisture  necr  the  our- 
face  of  the  pales  of  one  ha.udo  It  con  ht>  worn  conveniently  by  tho  m>iidojct 
pilot  without  interfering  with  his  festivities  visile  flying®  Reiving  developed 
several  such  unite  and  having  staudUrixod  them*  ths  next  atep  vao  to  try 
them  out  on  a  few  students  who  wave  villi*  g  to  cooperate*  but  wore  uninformed 
in  reference  to  the  exact  objectives  of  the  tost*  Ths  trialfl  were  made  in 
tho  Fall  and  early  Winter  whan  tho  weather  te,3p«ratur*»  v«re  such  ns  not  to 
cause  sweating  Independently  of  nervous  tension* 


The  results  which  ha7s  baen  gotten  so  for  with  tho  use  of  the  C,As/.«~ 
N.R.C.  Hioro-Rscordcr  must  be  re^ardsd  aa  praliminas-y  and  quite  tsetativs* 

In  certain  respeeta  they  sees  eujgectlve#  but  as  ft  whole  they  arc  cot  very 
definitire  in  refnrenae  to  the  major  problem  which  oonucionod  the  develop¬ 
ment  of  this  instrument  c  Ths  data  e.t  hand  so*n  to  indicate  thftt  changes  ir 
the  temporaturo  end  humidity  close  to  the  palm  tic  occur  during  in 

contract  tc*  pro-flight  s.mi  poet -flight  periods*  and.  that*  these  changes  can 
be  recorded  objectively  and  convenient ly.  It  appear*  that  in  mast,  oases  the 


^^Thc  pilot b  vere  extremal?  keyed  up  cn  these 
corda  give  evidence  of  thin  tension, (See  Rocnrdo  8? 
and  4 f  of  the  group  illustrated-,) 


occasions  and  their  lo¬ 
ll?  anti  29*  Charts  2*  3* 
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humidity  tends  to  be  higher  during  flight  than  preceding  it,  and  in  moot 
instances  tho  temperature  also  tends  to  bo  higher*  This  follows?  bsoauoe 
cooling  of  tho  Ain  by  evaporation  of  the  sweat  cannot  take  place  as  nor¬ 
mally  for  oxposed  ekin  since  tho  recorder  and  its  mounting  tend  to  inter¬ 
fere  with  the  normal  rate  of  evaporation,* 

It  sesms  probable  that  the  humidity  results  aro  a  better  indication 
of  the  emotional  condition  of  the  subject  than  are  the  temperature  tracings* 
The  latter  arc  more  influenced  by  tho  environment *  In  tho  experiments  pre¬ 
sented  in  thin  report  the  dooign  was  not  sppropricte  for  dealing  with  the 
factor  of  environmental  temperature* 

A.  teat  of  thia  cliarr.ater  nocassar.tly  involve  a  &  number  of  variables  * 
moot  of  them  difficult  or  impossible  of  complete  control.  The  weather  is 
one  such  greup  of  variables*  H*oord3  of  thia  type  depend  upon  the  physical 
and  mental  condition  of  tho  r^ubjoet;  on  hia  ocm* idenoe  in*  and  rapport  with 
the  instructor;  on  the  oti dent’s  stage  of  progracn  in  hie  training  course; 
on  what  kind  of  maneuvers  lie  is  practicing;  on  his  confidence  or  lack  of 
confidence  for  doing  what  ia  expected  of  him;  and  on  tho  occurrence  of  mis¬ 
takes  ?  aocid*ato,  or  hazards*  Faoh  flight  experience  has  its  own  individ¬ 
uality  ?  and  can  only  be  approximated  in  attempt*  to  repeat  it* 

The  CoA.A.-K.R.0.  Micro ^Rooorder  appears  to  poeooes  poeaiole  useful- 
neee  for  studying  pilots*  Like  ether  measurer-?  it  will  yield  only  meager 
results  unless  used  in  a  very  systematic  manner*  The  experimental  design 
should  include  a  behavior  record  that  can  be  compared  or  correlated  against 
the  objective  tracings*  If  different  students  are  to  be  compared*  inntruot- 
ors*  ratings  are  needed;  not  only  for  the  flight  ao  a  '.’hole?  but  designating 
the  condition  of  the  utudent  during  different  parte  of  the  flight  and  during 
tho  execution  of  different  maneuvers.  When  one  student  is  compared  against 
himself  the  experimental  design  would  include  attempts  at  repeating  the 
some  standard  flight  under  similar  conditions?  and  different  typei  of  ma¬ 
neuvers  Tinder  fairly  siiailnr  oonditicne* 


